The 5'-terminal cistron of beet necrotic yellow vein furovirus RNA 2 encodes the 21 kDa major viral coat protein and terminates with an amber stop codon which can undergo suppression to give rise to a 75 kDa readthrough (RT) protein referred to as P75. P75 is a minor component of virions and the 54 kDa RT domain following the coat protein sequence is important both for virus assembly and transmission by the fungal vector Polymyxa betoe. 
Introduction
Beet necrotic yellow vein furovirus (BNYVV), the causal agent of sugarbeet (Beta vulgaris) rhizomania, is a rigid rodshaped virus with a segmented plus-sense RNA genome consisting generally of four, or in some Japanese isolates, of five distinct RNA species, referred to as RNA I to RNA 5 (for reviews, see Jupin et aL, 1991; Richards & Tamada, 1992) . RNA I and RNA 2 encode functions required for viral RNA replication, assembly and cell-to-cell movement and are necessary and sufficient for infection of leaves by mechanical inoculation. RNA 3 and RNA 4 are required for efficient infection of roots of sugarbeet by viruliferous Polymyxa betae. The function of RNA 5 is not entirely understood but it may be associated with the severity of sugarbeet root symptoms Kiguchi et al., 1996; and additional observations) .
BNYVV RNA 2 contains six genes ( Fig. 1 triple gene block (TGB) involved in cell-to-cell movement (Gilmer et al., 1992) and the 3'-proximal gene encoding P14, which is involved in regulation of viral RNA replication and expression (Hehn et al., 1995) . The 5'-proximal half of RNA 2 carries the genes for the viral structural proteins. The major capsid protein (P21) is encoded by the 5'-proximal open reading flame (ORF) (Fig. 1 ). This cistron terminates with a single amber termination codon which is suppressed about 10% of the time to produce a fusion between the major capsid protein and the sequence encoded by the adjacent in-flame ORF, referred to as the readthrough (RT) domain (Ziegler et al., 1985 , Bouzoubaa et al., 1986 (Fig. 1) . The resulting 75 kDa protein (P75) is a minor component of virions and is located at an extremity of the viral particle (Haeberl6 et al., i994) . P75 is required for efficient virus assembly (Schmitt et al., 1992) and for transmission of BNYVV by P. betae (Tamada & Kusume, 1991) . Coat protein RT proteins have been reported for two other plasmodiophoromycete fungus-transmitted rod-shaped viruses -soil-borne wheat mosaic virus (SBWMV) (Shirako & Wilson, I993) and potato mop-top virus (PMTV) (Kashiwazaki et al., 1995) -but not for a third, peanut clump virus (PCV) (Herzog et al., 1994) .
In this paper we have tested the effect on virus assembly 14~-1917 I L 12b A 1407-1985 introduced into the RT domain. The genetic map of RNA 2 is shown near the top with the portion of the map between the Accl sites at residues 1413 and 1826 blown up to show detail (above). The amino acids replaced by alanine in the alanine substitution mutants AL, AN, AM, AJ and AK are underlined. The lower portion of the figure shows important restriction sites in the RT protein and the structures of the RT domain deletion mutants. The extent of each deletion is given to the right. In mutant AEc3, mutagenesis has created a new phenylalanine residue at the right-hand border of the deletion. The positions of the RT domain deletions in the naturally occurring non-transmissible BNYVV isolates 2a and 2b are shown at the bottom (Tamada & Kusume, 1991 ; and additional observations) .
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and fungus transmission of various short in-frame deletions in the BNYVV RNA 2 RT domain. The results confirm and extend our earlier findings (Tamada & Kusume, 1991; Schmitt eta] ., 1992) that the RT domain consists of two subdomains, with sequences situated within the N-terminal half of the RT domain implicated in virus assembly, while the C-terminal portion of the molecule contains sequences important for vector transmission. Alanine scanning mutagenesis of the Cterminal region identified a KTER motif which appears to be particularly important for fungal transmission.
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• cDNA constructs. The recombinant plasmids used for production of in vitro run-off transcripts of wild-type BNYVV RNA 1 (pB15), RNA 2 (pB218 and pBF14), RNA 3 (pB35) and RNA 4 (pB45) have been described (Bouzoubaa el aL, 1986; Ziegler-Graff et al., 1988; Quillet et at., 1989) . A plasmid (pB2-14) containing the complete cDNA of RNA 2 was obtained by introduction of the BstXI-SalI restriction fragment corresponding to residues 23354612 plus 3'-poly(A) tail [all sequence coordinates refer to the complete RNA 2 sequence (Bouzoubaa et al., 1986) ] between the BstXI and Sall sites of pB218 (insert residues 1-2715).
In previous work, this ligation product proved to be toxic to Escherichia coil so that it was necessary to prepare transcript directly from the ligation product (QuiIlet et aL, I989) . Recent experiments have shown that E. coil strain MC1022 (Casabadan & Cohen, 1980) tolerates the plasmid containing the full-length insert and the corresponding full-length in vitro run-off transcript is infectious (A. Hehn & D. Priifer, personal communication) . Consequently, wild-type pB2-14 and its various mutant forms were amplified in E. colt MC1022 for use in in vitro transcription experiments. The formal nomenclature for the mutant RNA 2 plasmids is pB2-14 followed by a suffÉx designating the mutation but, for simplicity, the mutants will be referred to only by the suffix in this paper. The mutants aAc and AM2 have been described (Schmitt et al., i992) . Additional mutagenesis was carried out either on an RNA 2 subclone (pB218Bg) containing nucleotides 1-2077 of RNA 2 in a modified version of pBluescript (Stratagene) with a polylinker BglII restriction site, or on pB218 (Quillet et al., 1989) . Mutants of the aEx series were introduced by mild treatment of pB218 DNA linearized by partial AccI digestion with either Bal-31 or exonuclease II1 followed by circularization with T4 DNA ligase. Mutants aEc2 and aEc3 were obtained by introducing pairs of EcoRI restriction sites in pB218 by site-directed mutagenesis using single-stranded phagemid DNA (Zoller & Smith, 1982; Kunkel et aI., 1987) . The novel EcoRI sites were generated by appropriately mutating the underlined nucleotides: GAGCAT (residues 1180--1185), GAGGTG (residues 1261-1266) and GAGTTT (residues 1360-1365). The sequence between the EcoRI sites in the various intermediate mutant plasmids was eliminated by digestion with EcoRI followed by recircularization of the DNA with T4 DNA ligase. The deletion mutants A19 to a50 and the alanine substitution mutants were prepared by site-directed mutagenesis (Kunkel et al., 1987) of phagemid DNA containing a SmaI-BglII fragment (residues 635-2082) cloned into the SmaI and BglII sites of pBS (Stratagene) which had been modified to contain a BglII site in its polylinker. The alanine substitution mutants contained the following alterations (mutated residues in RNA 2 underlined): GCAGCAGCT (residues 1459-1467, mutant AL), GCAGCAGCG (residues 1552-1560, mutant AN), GCAGCA (residues 1585-1590, mutant AM), GCCTATGCT (residues 1714-1722, mutant AJ), and GCAACAGCA (residues 1801-1809, mutant AK). After mutagenesis, the structures of plasmids in the vicinity of the mutations were verified by sequence analysis before introducing the mutation back into pB218 (or pB2-14 for the aEx series) on a SmaI-BglII or NcoI-M]uI restriction fragment.
• In vitro transcription and translation. Bacteriophage T7 RNA polymerase was used to direct run-off transcription from HindlIIlinearized template pB15, pB35 and pB45 to produce infectious RNA I, 3 and 4 transcripts (Quillet el al., 1989) . Full-length transcripts of RNA 2 were obtained, in most cases, by transcription of Sail-cut pB2-I4 plasmid although in some experiments transcripts were generated directly from ligation product as described earlier (Quillet et al., 1989) . Messenger properties of the different RNA 2 mutants were assessed by in vifro translation of transcript RNA in rabbit reticulocyte lysate (Quillet et aL, 1989) and [3~S]methionine-labelled translation products were visualized by autoradiography after SDS--PAGE (Laemmli, 1970) .
• Replication and encapsidation assays. To test replication and encapsidation of BNYVV RNAs, total RNA was extracted from inoculated leaves of Chenopodium quinoa 6--8 days post-inoculation (p.i.). The RNA isolations were carried out on duplicate samples under conditions which either limit ('Pol' extraction protocol; Jupin et al., 1990) or permit ('TM' extraction protocol; Jupin el aI., 1990 ) the action of endogenous nucleases on viral RNA during extraction. Viral RNAs were detected in the RNA extracts by Northern hybridization using s2p_ labelled antisense viral transcripts as probes (Lemaire eta[, 1988 ). P21 and RT protein were detected in total protein extracts from infected leaves by Western hybridization (Schmitt et aI., 1992) . To test long-distance movement in mechanically inoculated Beta macrocarpa, RNA was extracted from roots (Newbury & Possingham, 1977) and non-inoculated leaves (Quillet el al., 1989) and the presence of BNYVV was assessed by Northem blot hybridization or by ELISA ).
• Fungus transmission tests. Wild-type and mutant BNYVV isolates were inoculated as local lesion extracts to Tetragonia expansa leaves in a growth cabinet at 25 °C with a 16 h light/8 h dark cycle until lesions appeared on the inoculated leaves. At least ten lesions were excised, ground in 0"1 M-phosphate buffer, pH 7'4, containing 0"5% fl-mercaptoethanol and used to inoculate all expanded leaves of B. macrocarpa seedlings (four to six leaf stage). The plants were grown in special test tubes (24 mm wide, 120 mm long with a drainage hole) filled with quartz sand. The seedlings (one plant per tube) were maintained in a growth cabinet at 25 °C with a 16 h light/8 h dark cycle and watered every day with modified Hoagland and Amon solution, pH 7"0 .
Isolate P-1 of aviruliferous P. betae was maintained as described by . For transmission tests with the assemblycompetent mutants, a zoospore suspension of aviruliferous P. betae was introduced into the tubes containing the inoculated B. macrocarpa 9 days p.i.; drainage water containing zoospores was collected 4 days later and portions were introduced into tubes containing healthy sugarbeet (B. vulgaris cv. Starhill) seedlings (five to six seedlings tested for each inoculum). In some experiments, zoospore samples were collected daily on days 4-9 after the original introduction of the aviruliferous fungus and used for successive inoculations of new batches of five to six sugarbeet seedlings. Transmission assays with the assembly-defective mutants were carried out in the same manner except that only B. macrocarpa plants displaying systemic leaf symptoms were used as virus source plants.
After the fungal inoculation procedure was completed, the virus contents of the roots of the B. macrocarpa used as virus source were assessed by ELISA. The appearance of virus in the roots of the sugarbeet bait plants was tested by ELISA 15-20 days later and the virus content of the root extracts was calculated by interpolating the ELISA absorbance value on a plot of absorbance versus concentration obtained with purified virus. At the end of the experiment, the success of fungal colonization of the roots of the B. macrocarpa plants used as virus source and of the bait plants was verified by microscopic detection of zoosporongia and resting spores.
In the case of sugarheet roots infected by the aIanine substitution mutants, the sequence of the progeny viral RNA in the vicinity of the mutations was confirmed by reverse transcription-PCR using a primer complementary to nucleotides 1885-1867 of RNA 2 (plus a built-in HindIII site) to prime cDNA synthesis, and this primer plus a primer corresponding to nucleotides I373-1395 of RNA 2 (plus a built-in HindIII site) for PCR. Reverse transcription-PCR products were ligated into the pUCI19 HincII site and amplified in E. colt NM522 for sequence analysis using the universal primers.
Results and Discussion

Introduction of deletions or amino acid substitutions into the RT domain
Earlier findings had revealed that deletions in the sequence encoding the 54 kDa RT domain have different effects depending upon their location. An in-frame deletion in the Nproximal part of the RT domain had little effect upon viral RNA replication in C. quinoa, but greatly diminished the yield of encapsidated RNA, while a deletion in the C-terminal part of the RT domain had no effect on viral RNA replication or packaging (Schmitt et a] ., 1992). Two fungus non-transmissible isolates of BNYVV (2a and 2b) which arose during propagation of virus by mechanical inoculation on leaves were found to contain in-frame deletions in the C terminus of the RT domain (Tamada & Kusume, 1991; Richards & Tamada, 1992) . Using reverse transcription-PCR, the deletions were shown to eliminate residues 1438-1917 (mutant 2a) or 1407-1985 (mutant 2b) (unpublished observations) of RNA 2 (Fig. 1) , indicating that this portion of the RT domain contains determinants involved in virus-fungus interactions.
To map more precisely the RT domain sequences involved in RNA encapsidation and transmission of BNYVV, we constructed RNA 2 transcripts containing short in-flame deletions (see Fig. 1 ) covering almost the entire RT domain except for the 3'-terminal 336 nucleotides, a region believed to contain the promoter for synthesis of RNA 2sub1, the subgenomic RNA directing translation of the essential triple gene block protein P42 (Gilmer et al., 1992) . Five alanine substitution or 'alanine scanning' mutants (Cunningham & Wells, 1989 ) within the C-terminal half of the RT domain were also prepared. The region chosen for mutagenesis was located between the two AccI sites at positions 1413 and 1826 (Fig. 1) , a region which is contained within the subdomain implicated in fungus transmission of the natural deletion mutants 2a and 2b referred to above. The amino acids targeted for mutagenesis are within clusters of charged residues predicted to be on the surface of P75 and hence potentially accessible for interaction with the fungus.
The capacity of each mutant RNA 2 transcript to direct synthesis of P21 and the RT protein was determined by in vitro translation in rabbit reticulocyte lysate (Fig. 2 , and additional observations). All the mutants produced abundant amounts of P21 and an RT protein was synthesized by all mutants except A49 (Fig. 2, lane 2) , in which the deletion eliminated the codon immediately following the P21 termination codon (see below). Except for mutant AAc, rather similar lengths of sequence (81-108 residues) were deleted from the RT domain of the mutants shown in Fig. 2 ; however, the corresponding translation products displayed considerable variation in mobility, with one of the mutants, kEc2 (Fig. 2, lane 9) , even producing a RT protein translation product which migrated slightly more slowly than the wild-type RT protein (Fig. 2, lane  1) . Presumably, the difference in mobility of the mutant RT protein translation products during SDS--PAGE is a consequence of altered configuration provoked by the deletions.
The inhibition of RT protein synthesis observed for A49 is consistent with the known importance of the two codons immediately downstream of the suppressible termination codon in conferring leakiness (Skuzeski et al., 1991) . In wildtype RNA 2, the codons + 1 (CAA) and + 2 (UUA), with respect to the P21 termination codon, conform perfectly to the optimal leaky UAG context CAR-YYA, but in A49 codons + 1 and + 2 are replaced with the suboptimal CCU-CCU. It should also be noted that for mutant A19, in which the deletion begins at codon + 3, in vitro synthesis of RT protein was inhibited by about 50% (Fig. 2, lane 3) , perhaps as a consequence of secondary effects on suppression of sequences further downstream (Skuzeski et al., 1991) .
Replication and virus assembly of the RNA 2 mutants
The ability of BNYVV isolates containing mutated RNA 2 to replicate was tested on leaves of C. quinoa. In addition to each mutant RNA 2 transcript, the inoculum contained transcripts of RNAs 1, 3 and 4. By 6-8 days p.i., numerous Fi 9. B. Northern blot to illustrate accumulation and encapsidation of progeny RNAs 1 and 2 in C quinoa leaves inoculated with liNA 1, plus different RNA 2 transcripts bearin 9 deletions in the N-terminal half of the liT domain, liNA extractions were carried out on duplicate tissue samples with either the 'Pol' protocol (P; both naked and encapsidated viral liNAs isolated) or the 'T[v]' protocol (T; only nudease-resistant viral RNAs isolated) and viral liNAs were detected by hybridization usin 9 [a2P]labeNed antisense RNA probes specific for liNAs 1 and 2. The RNA 2 transcript in the inoeulum was obtained from the wild-type plasmid pB2-14 (lanes 1 and 2) or from mutant A49 (lanes 3 and 4) , A] 9 (lanes 5 and 6), A50 (lanes 7 and 8), A48 (lanes 9 and 1 O), A45 (lanes 11 and 12), AEc3 (lanes 13 and 14), AFc2 (lanes 15 and 1 6), AEx8 (lanes 1 7 and 18), z~l=x7 (lanes 9 and 20) and the P21 point mutant B25 (lanes 21 and 22).
local lesions appeared on the inoculated leaves for all mutants. The lesions produced by the inocula containing the RNA 2 alanine substitution mutants and the deletion mutant AAc were similar to those produced by the wild-type, but the lesions produced by RNA 2 mutants with deletions in the Nterminal half of the RT domain (A49, AI9, A50, A48, A45, AEc3, AEc2, AEx8 and AEx7) were generally slightly smaller and sometimes developed a necrotic centre. For each mutant, duplicate samples of the infected tissue were extracted in parallel using extraction procedures which permit discrimination between total viral RNA (flee and encapsidated) and encapsidated RNA (Quillet et al., 1989; Jupin et al., I990; Schmitt et al., 1992) . The 'Pol' extraction protocol involves phenol extraction immediately after tissue homogenization and provides a measure of the total content of progeny viral RNA while the ' T M ' protocol includes a 30 min incubation of the tissue homogenate at 37 °C prior to phenol extraction, a treatment during which naked viral RNA is degraded by endogenous nucleases in the extract, but in which encapsidated viral RNA survives. Northern blot analysis of the total RNA I and 2 contents of infected leaves (Pol extraction protocol) revealed that all the RNA 2 mutants accumulated readily detectable quantities of progeny viral RNA (Fig. 3) . In other Northern blots, in which the RNA 3 and 4 contents of the mutants were also tested, these RNAs were also found to be replicated efficiently (data not shown). The amount of progeny RNA which accumulated for the inocula containing mutant RNA 2 varied somewhat from experiment to experiment, but ranged from approximately 33 % to 100 % of that observed for wild-type controls. Western blot analysis of protein extracts of the infected tissue revealed that both P21 and RT protein were produced by all the mutants except for A49, which produced P21 but no detectable RT protein (data not shown). These results are in agreement with our earlier findings (Schmitt et al., 1992) that expression of the RT domain is not required for viral RNA replication and cell-to-cell movement.
The progeny viral RNAs in BNYVV isolates containing mutant RNA 2 molecules with deletions in the N-terminal half of the RT domain (mutants A49, AI9, A50, A48, A45, AEc3, aEc2, AEx7 and aEx8) were poorly encapsidated, as judged by the sensitivity of the progeny viral RNA to degradation during extraction by the TM protocol (Fig. 3) . In a control experiment with mutant B25 (Quillet et al., I989) , which contains a point mutation in P21, no RNase-resistant progeny viral RNA could be detected (Fig. 3, lane 22 1 and 12) or from the deletion mutant AAc (lanes 1 3 and 14) .
exposure of the autoradiogram (data not shown), indicating that virion assembly has been totally disabled by the modification of P21. This is in contrast to the situation with the N-terminal RT domain mutants, for which faint signals of RNase-resistant RNA I and 2 were consistently detected in all cases following TM extraction ( Fig. 3; for some of the mutants longer autoradiography exposure times were necessary to detect the RNase-resistant RNAs), indicating that low levels of virion formation can still occur even in the absence of wildtype RT protein. Indeed, with mutant AM2 it proved possible to purify small amounts of virus from infected leaves. The appearance of the mutant virus in the electron microscope was indistinguishable from wild-type virions (data not shown). Taken together, these data indicate that efficient encapsidation of BNYVV RNA requires the entire N-terminal half of the RT domain although low levels of virus assembly can occur for all the mutants, even for a mutant such as A49 which does not synthesize RT protein in detectable amounts. Furthermore, scanning the N-terminal half of the RT domain with small inflame deletions did not locate any assembly-dispensable sequences within this region, which we take as evidence that the overall folding of the N-terminal region of the RT domain is critical for its proper function in assembly. The previously described RNA 2 mutant AAc, in which the sequence between the AccI sites at positions i413 and 1826 was deleted, has already been shown to be encapsidated efficiently in leaves (Schmitt et a] ., 1992; also see Fig. 4, lanes  13 and 14) . The five alanine substitution mutants (AL, AN, AM, AJ and AK) were iikewise efficiently replicated and encapsidated (Fig. 4) .
Fungus transmission
To test their capacity to be transmitted by P. betae, a selection of the RT domain mutants was inoculated to leaves of the systemic host B. macrocarpa and the roots of these plants were used as a source of virus for vector transmission experiments. The mutants tested included the virus assemblydefective deletion mutants A50, AM2, AEc3, AEx7 and AEx8, the assembly-competent deletion mutant AAc, and the five alanine substitution mutants. Preliminary experiments were carried out to determine if the RT domain mutations interfered with systemic movement in B. macrocarpa. All the mutants produced lesions on the inoculated leaves although, for unknown reasons, fewer lesions were generally produced by the assembly-defective mutants than by wild-type virus. The assembly-competent mutants displayed infectivity comparable to that of a wild-type virus isolate derived from infectious transcripts (referred to as St1234; Quillet et al., 1989) and were similarly capable of efficient movement into non-inoculated upper leaves (symptoms appearing 7-13 days p.i.) and the roots. Systemic movement of the assembly-defective mutants, on the other hand, was less efficient and slower than for wildtype virus (symptoms appearing 12-25 days p.i., or not at all for many plants), presumably because of the lower rate of virion formation. It should be noted that long-distance movement of the P21 mutant B25, which is believed to be completely incapable of forming virions, has never been observed (authors' unpublished observations).
For the assembly-competent mutants, B. macrocarpa plants displaying systemic leaf symptoms were used as virus source in the transmission tests. Aviruliferous P. betae were exposed to the roots of the plants for an acquisition access period of 4 days and then fungal zoospores were transferred to tubes containing healthy sugarbeet seedlings for an inoculation access period of 15-20 days. Virus content of the roots of the sugarbeet bait plants was then tested by ELISA. In five separate experiments with mutant AAc, no virus transmission was observed to any of the 25 sugarbeet test plants, whereas 27/30 of the test plants challenged with zoospores from B. macrocarpa roots infected with the wild-type inoculum St1234 were infected. These results confirm earlier findings (Tamada & Kusume, 1991), using the naturally occurring RNA 2 deletion mutants 2a and 2b, that sequences within the C-terminal half of the RT domain are required for fungus transmission of the virus. Note that, except for the deletion, the RNA transcripts used to produce the AAc inoculum are identical in sequence to those used to produce the St1234 wild-type control. Thus, our results rule out the possibility that the non-transmissibility of the naturally occurring BNYVV isolates 2a and 2b was due to a mutation elsewhere in the genome which co-segregated with the RNA 2 deletions. The transmission characteristics of the five alanine substitution mutants are summarized in Table 1 . There was considerable variability from experiment to experiment in the amount of virus in the roots of the B. macrocarpa source plants. In particular, in experiment 1 the amount of virus per g B. macrocarpa root was obviously lower for all constructs than in the other experiments. The low virus titres in the inoculum source plants may be responsible for the relatively low transmission efficiency observed with St1234 and mutants AL, AN, AM and AJ in experiment I. Note, however, that 0/6 sugarbeet bait plants were infected with mutant AK in this experiment even though the virus content of the AK source B. macrocarpa plant (3"0 gg/g root) was higher than for the other constructs. The non-transmissibility of mutant AK and the transmissibility of the other mutants was confirmed in the other experiments in which higher virus titres were attained in the source roots for all constructs (Table 1) . Under these circumstances, transmission was observed for mutants AL, AN, AM and AJ but 0/18 sugarbeets were infected with mutant AK in three separate experiments (Table I) . Note also that in experiment 2, mutant AM was less efficiently transmitted (4/6) than were mutants AL, AN and AJ, even though the virus content in the source plant was higher than for the other mutants. Thus, the region targeted in mutant AM may also intervene directly in interaction with the fungus, or the mutation in question may significantly alter the overall folding of the RT domain (see below).
i i i i !i i i i i i i i i i i i i i i l ii iiii iiii iiii iiii @i@iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
To rule out the possibility that the successful transmission of mutants AL, AN, AM and AJ was due to reversion to the wild-type sequence, virus from the fungus-infected sugarbeet roots was partially purified and the region of RNA 2 containing the mutations was amplified by reverse transcription-PCR, cloned and sequenced. The mutant sequence was conserved for mutants AN, AM and AJ in the progeny viral RNA, but, in mutant AL, the mutated sequence SAAAY (mutations underlined; wild-type sequence is SQENY) had been altered to SPAAY. The significance of the A to P substitution is unknown.
Alanine substitution or 'alanine-scanning' mutagenesis (Cunningham & Wells, 1989 ) is based upon the idea that clusters of charged residues are likely to be on the surface of the protein and hence are potential sites for interaction with other macromolecules. By replacing residues in such clusters with alanine, which has no side-chain beyond the fl carbon and should not (in principle) provoke major alterations in the backbone configuration, it should be possible to identify, at least tentatively, peptide motifs which are important for a given function in their own right, not simply because of their contribution to the overall structure of the protein. Thus, our findings suggest that the KTER motif (amino acids 553-556 of P75), in particular, is directly involved in virus-fungus contacts during transmission. Note that the sequence motif KTER targeted in mutant AK is the closest to the C terminus of the RT domain of the five mutants tested. It may be noteworthy that the Polymyxa graminis-transmitted virus SBWMV has a rather similar sequence motif (KTEIR; amino acids 643-647), also located near the C terminus of its RT protein (Shirako & Wilson, 1993) . No such sequence is present, however, in the RT protein of PMTV (Kashiwazaki et al., 1995) . iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iii iiii iiii iiiiiiTiiiiiiiii t Sugarbeets infected/sugarbeets tested.
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The results conceming fungus transmission of the virus assembly-defective mutants AS0, AM2, AEc3, AEx7 and AEx8 are shown in Table 2 . Movement of the mutants AS0 and AEc3 from the inoculated leaves of B. macrocarpa proved to be particularly inefficient, occurring in only 1/14 plants for A50, and in 3/14 plants for AEc3. For AEx7, AEx8 and AM2, 6, 6 and 10 of 14 plants deveioped systemic symptoms, respectively. Successful fungus transmission from the roots of these systemically infected B. macrocarpa plants to sugarbeet was not observed for AS0, AM2 or aEx8 and only two transmission events each were obtained for AEc3 and AEx7 (Table 2) .
Although we cannot strictly rule out the possibility, we regard it as extremely unlikely that the few instances of systemic movement observed with the aforesaid deletion mutants are due to rearrangements of the mutant viral RNA in planta (pseudorevertants) to restore their ability to assemble efficiently. Given the importance of the C-terminal portion of the RT domain for fungus transmission illustrated above and elsewhere (Tamada & Kusume, 1991) , we consider it likely that the few successful transmission events observed with AEc3 and AEx7 were due to the presence of (presumably rare) virions which had incorporated mutated RT protein. If the altered RT proteins produced by mutants AM2, AS0 and AEx8 are even less efficiently incorporated into virions, this could account for their observed failure to be transmitted. Alternatively, the apparent non-transmissibility of AM2, A50 and AEx8 may indicate that the deletions have eliminated signals that are important for transmission as well as virus assembly. It is evident that additional experiments will be required to distinguish between these possibilities.
